Insulin resistance plays a major role in the development of type 2 diabetes ([@B1],[@B2]). It has been reported as an independent predictor of cardiovascular diseases (CVDs), hypertension, and dyslipidemia ([@B3],[@B4]). It is also involved in the development of polycystic ovary syndrome ([@B5]), nonalcoholic fatty liver disease ([@B6]), and certain types of cancer ([@B7],[@B8]). The list of clinical conditions associated with insulin resistance/compensatory hyperinsulinemia is expanding. With the increasing prevalence of insulin resistance in the American population ([@B9]), increased future burdens of associated clinical conditions are predicted.

The American Indian population has high prevalence of insulin resistance, especially among the younger age-groups compared with the general U.S. population ([@B10]) (at ages 45--49 years metabolic syndrome 44 and 57% among Strong Heart Study \[SHS\] men and women, respectively, vs. 20 and 23% among all men and women in the Third National Health and Nutrition Examination Survey \[NHANES III\]). Understanding the clinical outcomes of insulin resistance in this unique population may assist in reducing the burden of insulin resistance and related diseases in all Americans.

To the best of the authors' knowledge, there are few reports about the prospective association of insulin resistance and the development of kidney dysfunction. Also, the role of insulin resistance per se in the development of CVD is less clear. Specifically, this analysis will study *1*) prospective associations between insulin resistance quantified by homeostasis model assessment (HOMA-IR) and incident CVD events and *2*) prospective association between insulin resistance and decreased kidney function measured by increased urinary albumin-to-creatinine ratio (UACR).

RESEARCH DESIGN AND METHODS {#s1}
===========================

The SHS is a cohort study of CVD in 13 American Indian tribes/communities conducted in southwestern Oklahoma, central Arizona, and North and South Dakota. Participants (*n* = 4,549) aged 45--74 years underwent baseline examination from 1989 to 1992. The design, survey methods, and laboratory techniques were previously described ([@B11],[@B12]). After excluding those who were hypertensive; who had diabetes, impaired glucose tolerance, or impaired fasting glucose; and who had previous CVD at the baseline examination, there was a total of 964 participants in the analyses for cross-sectional associations between HOMA-IR and the baseline characteristics and the prospective association between HOMA-IR and incident CVD. The prospective association between baseline HOMA-IR and the incidence rate of high UACR was studied among nondiabetic participants who were free of decreased kidney function defined by increased UACR at the baseline exam (*n* = 1,401). The Indian Health Service Institutional Review Board, participating institutions' institutional review boards, and the participating tribes approved the study. Informed consent was obtained from all participants.

During a personal interview, information was collected on demographic factors, medical history, medication use, and personal health habits (physical activity, smoking, and alcohol consumption). A physical examination was conducted in the morning, which included collecting blood samples for laboratory tests and a 75-g oral glucose tolerance test. Anthropometric measurements were performed, and sitting blood pressure (first and fifth Korotkoff sounds) was measured three times consecutively using a standard mercury sphygmomanometer (WA Baum) after a 5-min rest ([@B13]). The average of the second and third systolic and diastolic blood pressure measurements was used in the analyses. A random urine sample was obtained on arrival to the clinic for measurement of creatinine and albumin content. Urine creatinine were measured by the picric acid method ([@B14]). Urine albumin content was measured by a sensitive, nephelometric technique ([@B15]).

Baseline insulin resistance was assessed by HOMA-IR using the equation \[FI (μU/mL) × FG (mmol/L)\]/22.5, where FG is fasting glucose ([@B16]). It was confirmed that in the SHS nondiabetic population, HOMA-IR correlates well with insulin sensitivity measured by the Minimal Model ([@B17]).

Information on leisure-time and occupation-related physical activities was collected using a questionnaire that has been validated in numerous populations, including Pima Indians ([@B18]). The questionnaire assesses the combination of reported leisure and occupational activity during the past year as an estimate of ''usual'' activity levels. Total physical activity was expressed as h/week or MET h/week. One MET represents the energy expenditure for an individual at rest, whereas a 10-MET activity requires 10 times the resting energy expenditure ([@B19]).

According to the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7) criteria ([@B20]), hypertension was defined as systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg, or use of antihypertensive medications.

According to the 1998 Provisional World Health Organization Report ([@B21]), diabetes was defined as use of an oral hypoglucose agent or insulin, fasting glucose ≥7.0 mmol/L, or postchallenge glucose ≥11.1 mmol/L (75-g oral glucose tolerance test). Impaired glucose tolerance was defined as fasting glucose \<7.0 mmol/L with postchallenge glucose between 7.8 and 11.09 mmol/L. Impaired fasting glucose was defined as fasting glucose between 6.1 and 6.9 mmol/L with postchallenge glucose \<7.8 mmol/L. Normal glucose tolerance was defined as fasting glucose \<6.1 mmol/L with postchallenge glucose \<7.8 mmol/L.

Outcome variables {#s2}
-----------------

### Cardiovascular events. {#s3}

Incident CVD events included fatal and nonfatal CVD events that occurred between the baseline examination and 31 December 2008. Fatal CVD events included fatal myocardial infarction, sudden death due to coronary heart disease, other fatal coronary heart disease, and fatal stroke. Deaths occurring during this period of time were confirmed through tribal and Indian Health Service hospital records and through direct contact with participants' families or other informants by study personnel, as reported previously ([@B11],[@B12],[@B22],[@B23]). Nonfatal CVD events included definite myocardial infarction, coronary heart disease, and stroke either identified by participant contact and medical record review or at the 2nd SHS examination in 1993--1995 and the 3rd SHS examination in 1997--1999 ([@B11],[@B22],[@B23]). During each examination, a 12-lead electrocardiogram and medical history including the Rose Questionnaire for angina pectoris were obtained. The average follow-up time is 14 years. Mortality follow-up data were available in 99.8% of the participants, and morbidity follow-up data were available in 99.2% of the participants.

### High UACR. {#s4}

High UACR was defined as UACR ≥13.3 mg/g. This represents the fourth quartile of UACR at the baseline examination (1989--1992). A previous SHS article indicated that high UACR within the normal range is related to increased CVD morbidity and mortality in this population ([@B24]). Specifically, participants with a UACR in the fourth quartile had 72% greater risk of incident CVD events and 199% greater risk of CVD mortality than those with a UACR in the lowest quartile. Nondiabetic participants who were free of CVD and not in the fourth quartile of UACR at the baseline visit were in this analysis (*n* = 1,401). The development of high UACR was recorded at the 2nd (1993--1995) and 3rd (1997--1999) visits.

Statistical methods {#s5}
-------------------

Baseline behavioral, demographic, and cardiometabolic variables including age, sex, study location, physical activity duration per week, physical activity energy cost per week measured by MET h, smoking, waist circumference, systolic blood pressure, diastolic blood pressure, LDL cholesterol, HDL cholesterol, triglyceride, and 2-h glucose were presented by the quartiles of baseline HOMA-IR. Generalized linear model was used to test trends for continuous variables, and Mantel-Haenszel χ^2^ test was used to do trend analyses for categorical variables. If the distribution of a continuous variable was skewed (median and lower and upper quartiles are presented), natural log-transformed values were used in the generalized linear model. Two-tailed *P* \< 0.05 was considered to be statistically significant.

The incidence of CVD was calculated by dividing the number of participants who had CVD events by the end of 2008 by the total number of person-years of follow-up for all eligible participants. Incidence of high UACR was calculated by dividing the number of participants who had high UACR by the end of the third exam by the total number of person-years of follow-up for all eligible participants who were free of high UACR at the first examination. The Cox proportional hazards model was used to compute the hazard ratios of respective events for participants with different HOMA-IR levels. All possible risk factors of CVD or decreased kidney function reported from previous studies were included in initial models of these two outcomes. Then, a stepwise elimination method with significant entry and stay level of 0.05 was used to select factors that were significantly associated with incident CVD or decreased kidney function. The results of the initial models are described in the text. The results of stepwise selected Cox proportional hazards models are reported in the Tables. For the association between HOMA-IR and incident CVD events, baseline age, sex, systolic and diastolic blood pressure, LDL cholesterol, HDL cholesterol, smoking, and micro- and macroalbuminuria were included in the initial Cox model as covariates ([@B25],[@B26]). For the association between HOMA-IR and the development of decreased kidney function, baseline UACR, age, sex, BMI, smoking, and systolic and diastolic blood pressure were included in the initial Cox model as covariates ([@B27],[@B28]).

RESULTS {#s6}
=======

Cross-sectional associations {#s7}
----------------------------

At baseline exam, more women than men had high HOMA-IR. HOMA-IR was higher among participants residing in Arizona than participants in Oklahoma or the Dakotas. There are more past smokers but fewer current smokers who had high HOMA-IR. Physical activity levels measured by duration or MET h were not significantly different among participants in different quartiles of HOMA-IR. Except LDL cholesterol, all cardiometabolic variables including waist circumference, systolic and diastolic blood pressure, HDL cholesterol, triglyceride, and 2-h glucose became unfavorable with increases of HOMA-IR ([Table 1](#T1){ref-type="table"}).

###### 

Baseline demographic, behavioral, and cardiometabolic variables according to insulin resistance level

![](3195tbl1)

Incident CVD {#s8}
------------

In the Cox proportional hazards model that included all possible risk factors, only age, sex, LDL cholesterol, and smoking were significantly associated with incident CVD events. After stepwise selection of covariates, HOMA-IR level, sex, age, LDL cholesterol, smoking, and albuminuria remained in the Cox proportional hazards model. The hazard ratio of incident CVD increased as baseline HOMA-IR increased and reached statistical significance at the fourth quartile of HOMA-IR (1.8 \[95% CI 1.2--2.8\]) ([Table 2](#T2){ref-type="table"}).
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Cox proportional hazards model for incident CVD according to baseline quartiles of HOMA-IR\*
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Incident high UACR {#s9}
------------------

In the initial model that included all possible risk factors of decreased kidney function, compared with participants in the first quartile of HOMA-IR, those in the fourth quartile of HOMA-IR had 1.4 times higher risk of decreased kidney function (hazard ratio 1.43 \[95% CI 1.03--1.98\], *P* = 0.031). The other significant factors are age, sex, and baseline UACR levels. Baseline blood pressure levels, BMI, and smoking status were not significantly related to the development of decreased kidney function in this initial model. After stepwise selection, baseline HOMA-IR, UACR, age, and sex remained significant, and no other factors were selected in the model. Compared with participants in the first quartile of HOMA-IR, those in the fourth quartile of HOMA-IR have 1.5 times higher risk of decreased kidney function (1.5 \[1.19--2.02\], *P* = 0.001) ([Table 3](#T3){ref-type="table"}).

###### 

Cox proportional hazards model for incident high UACR (≥13.3 mg/g) according to baseline quartiles of HOMA-IR\*
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CONCLUSIONS {#s10}
===========

This study demonstrated that insulin resistance is related to the development of decreased kidney function measured by high UACR among nondiabetic participants. To the best of our knowledge, this is the first large population-based prospective study to report this association. In this cohort study, insulin resistance is also associated with the development of incident CVD events.

All possible CVD risk factors were included in the initial Cox proportional hazards model to explore the association between HOMA-IR and incident CVD events. While HOMA-IR remained in the model after stepwise selection, HDL cholesterol and blood pressure levels were not. The prospective association between insulin resistance and CVD was only shown when HDL and blood pressure were not included in the model. HDL cholesterol and blood pressure levels are closely related to insulin resistance in this and other populations ([@B29]). Insulin resistance may increase the risk of CVD through dyslipidemia and high blood pressure. Similar mechanisms have been proposed by other studies ([@B30]--[@B32]). The success of Stop Atherosclerosis in Native Patients with diabetes Study ([@B33]) provides some support for this point of view. Further study in the SHS population will give more insight into this topic.

Our findings of longitudinal associations between HOMA-IR and markers of renal dysfunction are unique. There is a small prospective study in 116 nondiabetic Japanese Americans living in Hawaii demonstrating that insulin resistance preceded the development of albuminuria ([@B34]). Another study conducted in a Chinese population (*n* = 652) indicated that insulin resistance is related to rapid decline in renal function in the nondiabetic elderly ([@B35]). Reports using NHANES III data showed a cross-sectional association between insulin resistance and the presence of chronic kidney disease ([@B36]). The mechanisms linking insulin resistance to decreased kidney function are not fully understood. However, oxidative stress and endothelial dysfunction related to insulin resistance may cause glomerulosclerosis or atherosclerosis-related kidney damage ([@B35],[@B37]). Hypertriglyceridemia caused by insulin resistance may be a risk factor for developing proteinuria ([@B31],[@B38]). Our findings from a large prospective population study suggest that a more aggressive approach to reduce insulin resistance in high-risk individuals may substantially lower the risk of chronic kidney disease.

It is interesting to see that more participants with high HOMA-IR levels had stopped smoking compared with those with low HOMA-IR levels. A similar situation has been previously reported in participants with diabetes in this population ([@B39]). In the previous report ([@B39]), more diabetic participants stopped smoking compared with those who did not have diabetes. It is likely that participants with high HOMA-IR had stopped smoking because of their high-risk lipid profile or other related medical conditions.

The strength of the study is the complete collection of information related to insulin resistance syndrome, the long follow-up time, and systematic collection of clinical outcomes. Limitations include the lack of a direct measure of insulin resistance and the fact that participants were of middle age and older and thus the earlier effects of insulin resistance could not be analyzed.

It has been suggested that insulin resistance is the link between obesity and clinical outcomes ([@B40]). Our study provides further evidence for this point of view. Insulin resistance coexists or precedes many important clinical outcomes in modern society. Though these clinical outcomes could develop for reasons not related to insulin resistance and those with insulin resistance do not invariably develop those abnormalities, we cannot ignore the major contribution of insulin resistance/compensatory hyperinsulinemia to the development of many chronic diseases. It is reasonable to hypothesize that insulin resistance/compensatory hyperinsulinemia is a common pathophysiological pathway leading to the development of many chronic diseases. Interventions that can ameliorate the cycle of obesity and insulin resistance deserve serious effort to prevent CVD and chronic kidney disease. Physical activity and weight control, known to reduce insulin resistance, are likely to bring significant health benefits to populations with rising prevalence of insulin resistance.
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